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Abstract
Predrinking (preloading, pregaming) has been found to be related to alcohol use and intoxication. However, most research relies on estimates of blood alcohol concentration and does not control for usual drinking pattern. We assessed whether predrinking was associated with subsequent alcohol consumption and breath alcohol concentration (BrAC) among 287 young adult bar-goers (173 males (60.3%), Mage=21.86 years, SD=2.55) who were recruited in groups in an entertainment district of a mid-sized city in Ontario, Canada. We also examined whether predrinking by other group members interacted with individual predrinking in relation to amount consumed/BrAC. Adjusting for nesting of individuals within groups in hierarchical linear models, predrinkers were found to consume more drinks in the bar district and over the entire night compared to non-predrinkers and had higher BrACs at the end of the night controlling for drinking pattern. A group-by individual-level interaction revealed that individual predrinking predicted higher BrACs for members of groups in which at least half of the group had been predrinking but not for members of groups in which less than half had been predrinking. This study confirms a direct link of predrinking with greater alcohol consumption and higher intoxication levels. Group-by individual-level effects suggest that group dynamics may have an important impact on individual drinking. Given that predrinking is associated with heavier consumption rather than reduced consumption at the bar, initiatives to address predrinking should include more effective policies to prevent intoxicated people from entering bars and being served once admitted.
Keywords: predrinking, alcohol, breath alcohol concentration (BrAC), event-level, bar goers Predrinking, alcohol use and breath alcohol concentration: A study of young adult bar-goers A large proportion of young people engage in a practice known as "predrinking" (also called "preloading" or "pregaming"), involving the consumption of alcohol in a private setting before going to a social event, such as a bar or club. While predrinking has been found to be positively associated with higher levels of alcohol use (LaBrie & Pedersen, 2008; Pedersen & LaBrie, 2007; Read, Merrill, & Bytschkow, 2010) , it is unclear whether this relation primarily reflects a tendency for heavier drinkers to engage in predrinking or whether the activity of predrinking itself is associated with greater consumption.
A few theories can be proposed to explain the relation of predrinking with consumption.
Earlier studies on predrinking simply compared predrinkers with non-predrinkers, and thus one theory is that those who predrink are simply heavier drinkers compared to those who do not predrink and this activity is just part of a drinking pattern among heavier drinkers. Consistent with this, predrinking has been shown to be positively related to drinking pattern (Kenney, Hummer, & LaBrie, 2010; Read et al., 2010) . Based on justifications provided by young people that they predrink to save money (DeJong, DeRicco, & Kessel Schneider, 2010; Forsyth, 2010; Pedersen, LaBrie, & Kilmer, 2009; Wells, Graham, & Purcell, 2009 ), a related theory is that young people substitute on-premise alcohol use (i.e., higher priced drinks) with off-premise use (i.e., lower priced drinks), with total consumption unaffected. However, event-level evidence showing similar consumption at the bar by predrinkers and non-predrinkers (Labhart, Graham, Wells, & Kuntsche, 2013) suggests that predrinking is not solely about substitution.
Although predrinkers may tend to drink more than nonpredrinkers, an alternative theory is that the activity of predrinking itself increases consumption over the night. Predrinking typically involves the consumption of large amounts of alcohol (LaBrie, Hummer, Kenney, Lac, & Pedersen, 2011) in a short period of time (Pedersen & LaBrie, 2007) . Such drinking behavior may have a priming effect on subsequent drinking. Consistent with this, one study found that the number of drinks consumed while predrinking was positively associated with more drinking later in the evening (LaBrie & Pedersen, 2008) .
Most research on predrinking has used assessments of alcohol use that are subject to recall bias due to memory deficits (Ekholm, 2004; Kuntsche & Labhart, 2012) Pedersen, 2008; Pedersen & LaBrie, 2007; Read et al., 2010) as well as estimates of blood alcohol concentrations (BAC) based on self-reported number of drinks consumed and duration of the drinking occasion (e.g., Borsari et al., 2007; Hummer, Napper, Ehret, & LaBrie, 2013; LaBrie & Pedersen, 2008; Read et al., 2010) . Although some studies found a relationship between predrinking and higher breath alcohol concentration (BrAC) levels using breathalyzer data (Barry, Stellefson, Piazza-Gardner, Chaney, & Dodd, 2013; Clapp et al., 2009; Glindemann, Ehrhart, Maynard, & Geller, 2006) , only one of these (Clapp et al., 2009) controlled for prior drinking, which was measured as recent heavy episodic drinking (5 or more drinks in the prior two weeks) and thus may not reflect a longer term drinking pattern.
Further, very little is known about the role of peer groups in predrinking. Because young people typically attend bars in groups (Miller, Holder, & Voas, 2009 ) and peer groups can influence the behaviors of individual members (Rubin, Bukowski, & Parker, 2006) , peer groups may be an important factor in young people's drinking through social modeling (Borsari & Carey, 2001) , and conformity to perceived group norms (Rimal & Real, 2005) . While the collective behaviors of drinking groups (e.g., group drinking levels) have been shown to influence individual levels of consumption (Kuendig & Kuntsche, 2012; O'Grady & Skinner, 2007; van Schoor, Bot, & Engels, 2008) , no studies to date have examined the role of group predrinking. Group predrinking may create a context where excessive drinking by group members is perceived as normative and/or encouraged and thus may result in higher individual drinking and intoxication.
Teasing apart the factors linking predrinking with heavier consumption and intoxication has implications for identifying appropriate evidence-based prevention, such as whether interventions should target particular types of drinkers (i.e., heavy drinkers), address factors that promote predrinking (e.g., increase off-premise pricing to match on-premise pricing, address the role of the drinking group) or make young people's predrinking occasions safer (e.g., improve bar staff behavior in admitting and serving people who have been drinking).
Using alcohol use and breathalyzer data collected from young adult groups of bar-goers on their way to and from bars and clubs as well as follow-up online survey data on usual drinking patterns, we hypothesized that, compared to non-predrinkers, predrinkers would: 1) be more likely to report a pattern of heavy drinking; 2) consume at least as many drinks while at bars; 3) consume a larger number of drinks in total (over the entire night) and have higher BrACs at the end of the night. We also hypothesized that predrinkers would consume more alcohol if they were in groups where most others had also been predrinking.
Methods

Design and Procedure
Same sex groups of 3-5 young adults (aged 19-29 years) were recruited in a downtown bar district of a mid-sized city in Ontario, Canada. Recruitment was restricted to same sex groups because a key focus of the study was peer status (analysed in other papers; e.g., Dumas, Graham, Bernards, & Wells, 2014) which could only be assessed in single sex groups.
Recruitment occurred on Thursday, Friday and Saturday evenings over an 11 week period (May to July of 2012). Between 10pm and 12:30am, teams of 2 to 3 researchers randomly selected eligible groups for recruitment based on the "fixed line method" (Voas et al., 2006) . Participation in the study involved three components. First, upon recruitment, participants were asked to complete the "entry" survey, which included a brief interview and a breathalyzer sample at a mobile research station. During the entry survey, participants were asked to return for a brief "exit" survey and to participate in an online survey at a later time.
They were given a business card with study information and a website address for the online survey. Those willing (78%) were also sent a text message about the online survey and a reminder to return for the exit survey. Second, before leaving the bar district, participants returned to the data collection site for a brief interview (exit survey) with questions on how much they had been drinking since the entry survey and a breathalyzer test. Third, participants completed an online survey at a later time, covering usual drinking patterns and other topics. women) completed the online survey (82.1%). The present analyses use data from participants who completed both the entry and exit surveys (n=287, 60.3% male; 68.3% students; Mage = 21.86 years, SD = 2.55). Analyses controlling for general drinking pattern were restricted to 252 participants who had completed all three surveys (151 men and 101 women).
Those who participated in the exit survey were compared with those who did not return at exit on the main variables (age, student status, time of entry and exit, day of week and predrinking status). Only day of the week was significant, with participants on Thursday evenings more likely to complete the exit survey (89.7%) than those who participated on Fridays (76.6%) or Saturdays (77.3%) (p = .013). We also assessed whether number of drinks and BrAC at entry were associated with participation in the exit survey. Higher BrAC and number of drinks were found among individuals who did not return at exit compared to those who completed the exit survey (MBrAC = .058 vs. = .037, p = .001; Mno. drinks = 4.80 vs. 3.50, p=.005).
Measures
Predrinking. We defined predrinking as any drinking off-premise (e.g., at home, someone else's home, outdoors) prior to going to a licensed premise. During the entry survey, participants were asked whether they had been drinking any alcohol that night and, if so, where they had started drinking. Those who had been to multiple locations were asked to list them in chronological order. All participants who reported drinking off-premise prior to the entry survey were coded as predrinkers and all others were coded as non-predrinkers.
Group-level predrinking. We created a dichotomous variable indicating whether at least half of group members had been predrinking (i.e., coded as 1, else coded 0).
Individual characteristics.
During the entry survey, participants were asked to report their age and student status (college, university, other student, not a student) which was coded as student versus non-student.
Day and time of entry and exit survey. The day of the week and start time of the entry and exit surveys were recorded. From these, the number of minutes between completion of entry and exit surveys was computed.
Number of drinks. During the entry survey, participants were shown a picture displaying typical Canadian standard drink sizes (i.e., 341 ml. (12 oz.) of beer, 142 ml. (5 oz.) of wine, 43 ml. (1.5 oz.) of spirits such as vodka, or 341 ml. (12 oz.) of a premixed drink or "cooler") and asked how many standard drinks they had consumed prior to recruitment. During the exit survey, participants were asked how many drinks they had consumed since the entry survey. Total number of drinks consumed over the evening was calculated by summing the number of drinks prior to and after entry.
Breath alcohol concentration (BrAC).
During the exit survey, participants were asked to provide a breath sample using a handheld breathalyzer unit (Intoxlyzer-CMI). BrAC readings were not visible to participants or to research assistants.
Usual drinking behavior.
As part of the online survey, using the same definition of standard drink sizes described above, participants were asked to report the largest number of drinks consumed on any occasion in the past 12 months and their usual past year frequency of drinking on a 7-point Likert scale (1 = never, 2 = less than once a month, 3 = 1-3 times a month, 4 = once a week, 5 = 2-3 times a week, 6 = 4-6 times a week, 7 = every day). To assess heavy episodic drinking (HED), they were asked how many times in the previous month they had consumed 5 to 7 drinks, 8 to 11 drinks and 12 or more drinks on a single occasion, which were summed to reflect the number of times participants had consumed 5 or more drinks.
Analyses
Chi-square and t-tests were used to compare predrinkers with non-predrinkers in terms of individual characteristics (age, student status), night characteristics (time of entry and exit, minutes from entry to exit, and day of the week), night alcohol use (total number of drinks and exit BrAC), and general drinking pattern. Intraclass Correlations (ICCs) were computed to assess the extent of clustering at the group level for the three outcome variables (total number of drinks, number of drinks consumed between entry and exit, and exit BrAC). Hierarchical Linear Modeling (HLM) was used to account for nesting of individuals within groups using the software program HLM 6.0 (Bryk & Raudenbush, 1992) . HLM models tested associations of predrinking with the three drinking outcomes (analyzed separately) controlling for gender, age, usual drinking behavior and significant covariates related to predrinking (p < .10) ( Table 1) .
Explanatory variables were entered in 4 steps: 1) unadjusted association of predrinking (vs. nonpredrinking); 2) adjustment for covariates at Level 1 (i.e., age, time between entry and exit (in minutes), night (Saturday vs. other) and at Level 2 (i.e., gender of the drinking group); 3) adjustment for usual drinking behavior (i.e., maximum number of drinks); 4) cross-level interactions of group predrinking by individual predrinking, with simple slope tests as outlined by Preacher et al. (2006) . Explanatory variables were grand-mean centered for ease of interpretation. Table 1 , predrinkers consumed significantly more drinks in total and between the entry and exit surveys (i.e., while in the bar district). They also had significantly higher BrAC levels compared to non-predrinkers. In terms of usual drinking behavior, both frequency of HED and maximum drinks were significantly higher for predrinkers than for nonpredrinkers, whereas drinking frequency was non-significant.
Results
As shown in
All alcohol measures had significant group ICCs (total number of drinks ICC = .49, χ 2 = 368.44, p < .001; number of drinks between entry and exit ICC = .44, χ 2 = 431.46, p < .001; exit BAC ICC = .51, χ 2 = 361.04, p < .001), indicating a need to control for nesting of individuals in groups. Table 2 presents the results from the HLM analyses.
Step 1 revealed positive associations of predrinking with total drinks, number of drinks consumed between entry and exit, and exit BrAC, adjusting for nesting in groups. Effects remained significant controlling for age, time between entry and exit, day of the week and gender (step 2) and for maximum number of drinks (step 3). Models were also computed controlling for HED, with similar results obtained.
We also included student status as a control variable; it was not significantly related to any outcomes and did not change the results when included in the models.
Step 4 identified a significant cross-level interaction between individual and group predrinking in explaining exit
BrAC. Simple slopes analysis revealed that individuals who predrank were significantly more likely to have higher BrACs at the end of the night, but only when at least half of group members also predrank (b = .04, t = 2.04, p = 0.04), and not when less than half of their group members predrank (b = .01, t = 0.65, p = 0.51).
Discussion
Our findings support our first hypothesis and corroborate previous evidence that predrinking is associated with heavier alcohol use (LaBrie & Pedersen, 2008; Pedersen & LaBrie, 2007; Read et al., 2010) : predrinkers were more likely than non-predrinkers to engage in HED and consumed a larger maximum number of drinks per occasion. This supports the notion of predrinking being part of a pattern of heavy episodic drinking (Kenney et al., 2010; Read et al., 2010) and planned intoxication (Engineer, Phillips, Thompson, & Nicholls, 2003; Measham & Brain, 2005) but is not necessarily related to how often the young person drinks.
Consistent with our second hypothesis, predrinkers consumed significantly more alcohol while in the bar district than did non-predrinkers. Thus, although young people may predrink with the intention of saving money by drinking less while on-premise (DeJong et al., 2010; Forsyth, 2010; Pedersen et al., 2009; Wells et al., 2009) , our results suggest predrinking is not followed by less drinking and may actually promote further drinking.
As per our third hypothesis, compared with non-predrinkers, predrinkers consumed a significantly larger number of drinks in total (over the entire night) and, consistent with previous research (Barry et al., 2013; Borsari et al., 2007; Clapp et al., 2009; Glindemann et al., 2006; Hummer et al., 2013; LaBrie & Pedersen, 2008) , had higher intoxication levels, as measured with breathalyzer data rather than estimates of BAC. These effects remained significant controlling for drinking pattern, suggesting the association of predrinking with increased drinking and higher BrAC are not fully explained by usual pattern of drinking and that the act of predrinking itself may be associated with heavier consumption.
Consistent with the last hypothesis, our results indicate that individuals who predrank were significantly more likely to have higher BrACs at the end of the night, but only when the majority of their group members also predrank. This finding suggests that group members become more intoxicated when all or most members of a social group engage in predrinking.
Thus, as suggested in previous research, what happens at the group level has an important impact on behavior (Miller, Byrnes, Branner, Johnson, & Voas, 2013) . Further research is needed to assess how the group influences individual-level drinking over the course of the night, such as through contagion of group norms, effects of group leaders (Dumas, Wells, Flynn, Lange, & Graham, 2014) , round buying, or possibly drinking games that occur while predrinking (Hummer et al., 2013) .
A limitation of the present study is that findings may not be generalizable to mixed gender groups and larger groups (i.e., greater than 5). Thus, effects of gender composition and size of the drinking group as they relate to predrinking should be examined in future research.
Also, gender specific analyses were not possible due to small sample sizes and thus should be conducted in future studies with larger samples. A further limitation is loss to follow-up, with exit survey participants more likely to have been recruited on Thursday evenings and to have lower alcohol use and intoxication levels at entry compared to those who did not return at exit.
However, given that participation at exit was not associated with predrinking status, it is unlikely that the association between predrinking and BrAC is confounded by loss to follow-up.
Conclusion
The present study advances the field by demonstrating that predrinking remains significantly associated with greater consumption and intoxication, even after adjusting for drinking pattern. An implication of this study is that programs and policies are needed to reduce predrinking, such as addressing large discrepancies between on-and off-premise alcohol pricing.
Such price discrepancies likely motivate predrinking (Wells, Mihic, Tremblay, Graham, & Demers, 2008) even if predrinking does not have the intended effect of consuming less at the bar.
Bar staff training and enhanced enforcement are needed to ensure that staff recognize and deter intoxicated patrons when they arrive at the bar and better monitor how much they are drinking while at the bar (see . Initiatives may be needed that address group dynamics, such as social modeling, peer influence and conformity to dominant group norms.
Policy and programming aimed at changing drinking norms and practices, such as rapid consumption, should be considered as well as programs promoting safer choices (e.g., having a sober friend present) when engaging in predrinking. Note. † p < .10, *p < .05, **p < .01, ***p < .001; a Models are presented controlling for maximum number of drinks, as it was most strongly related to predrinking. Models were also computed controlling for HED and similar results were obtained. b Interaction effects for gender of the group by individual predrinking were also tested but were non-significant.
